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(54) Thinsmission-receptlon system 

(57) The invention relates to a transmission-recep- 
tion system. A transponder receiver unit contained in 
the key bow of an ignition key has a power circuit that 
receivers, rectifies and smoothes the carrier wave sig- 
nal transmitted together with a time reference signal 
and an enquiry signal from the transmission-reception 
ECU of a motor vehicle. A microcomputer in the trans- 
ponder becomes active when the output voltage of the 
power circuit reaches a predetermined level or higher. 



When activated, the microcomputer measures the time 
length of the received reference time signal using the 
dock signal generated by an oscillation circuit, and cal- 
culates a ratio, as a correction coefficient, between the 
measured time length and a stored reference time 
value. The microcomputer decodes the enquiry signal 
while correcting the time information included in the 
time series pulse signal forming the enquiry signal, 
using the correction coefficient. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

Tlie present invention relates to a transmission- 
reception system including a transmitter-receiver device 
for transmitting a power signal and an enquiry signal, 
and a transponder that upon receiving the enquiry sig- 
nal and the power signal, sends back an answer signal 
using the power signal as a power source. 

2. Description of the Related Art 

To enhance security performance of motor vehicles 
against theft, it has been known in the art to equip a 
motor-vehicle ignition key with an electronic key function 
using an electric Identification code. The motor vehicle 
is correspondingly equipped with a transmission-recep- 
tion ECU. and when an ignition key as described above 
is inserted in the ignition keyway and turned to the ON 
position (or the ACC position), the ECU reads the iden- 
tification code of the key, and permits the start of the 
engine by the ignition key only when the read identifica- 
tion code agrees with a predetermined identification 
code. 

To construct such a transmission-reception system, 
the transmission-reception ECU is provided with an 
antenna coil disposed around the keyway. so as to per- 
fbrm an interrogator function of transmitting a carrier 
wave signal and an enquiry signal convoluted with the 
carrier wave signal from the antenna coil. 

In addition, the bow of the ignition key contains a 
transponder provided with a transponder coil that, when 
the igrtition key is inserted in the keyway. Is electromag- 
netically coupled with the antenna coil. The transponder 
uses as a power source an output provided by rectifying 
the carrier wave signal received through the trans- 
ponder coil. When the power rises, the transponder 
responds to the received enquiry signal by sending 
back an answer signal including a pre-stored identif na- 
tion code. 

TTie above-described transmission-reception sys- 
tem uses serial communication. That is, the transmis- 
sion-reception ECU transmits an enquiry signal formed 
of a time series pulse signal Including time information 
(for example, a combination of a timing signal train of a 
fixed cycle and a binary signal train combined with the 
individual timing signals), which signal is convoluted 
with a carrier wave signal. In addition, the transponder 
decodes the content of the enquiry signal received on 
the basis of the time information contained therein, and 
then sends back an answer signal corresponding to the 
decoding result, in the form of a time series pulse signal. 

Conventional transponders fbr the aforementioned 
applications are normally constructed by hard logic, 
resulting in fixed identification codes. Since fixed identi- 
fication codes are relatively easy to copy or Intercept. 



tiie conventional art is unable to sufficientiy safeguard 
privacy or security performance against theft. 

One conceivable measure for this problem is that a 
microcomputer is provided in a transponder so tiiat the 

5 identification code is enciphered or encoded in various 
manners using microcomputer control, thus enhancing 
security Since size reduction of tiie transponder 
becomes important for this measure and costs should 
usually be curbed, it is conceivable that a CR oscillator. 

10 which can easily be miniaturized and is inexpensive, 
should normally be used as an oscillating circuit that 
determines the clock frequency of the microcomputer. 

However, CR oscillating circuits have voltage 
dependency In that the oscillating frequency decreases 

15 as tiie power voltage decreases, so that tiie employ- 
ment of a CR oscillating circuit is likely to cause the fol- 
lowing problems. 

Since the transponder is supplied witii power in a 
non-contact manner tiirough the transponder coil elec- 

20 tromagnetically coupled witii the antenna coil of a trans- 
mitter-receiver device, the power inevitably varies 
depending on factors including variations in the dis- 
tance between the transponder coil and the antenna 
coil, tiie ambient temperature, and the circuit constants 

25 of tiie electronic components constituting tiie trans- 
ponder and the transmission-reception ECU. Variation 
in tiie power changes the oscillating frequency of the 
CR oscillating circuit and, tiierefae, changes tfie clock 
frequency of the microcomputer. 

30 Thus the transponder suffers inaccurate time man- 
agement by ttie microcomputer of the transponder, 
deteriorating communication performance. For exam- 
ple, errors become likely to occur in the aforementioned 
decoding of the content of an enquiry signal based on 

35 time information. 

S UMMARY OF THE INVENTION 

It is accordingly an object of the present invention to 
40 provide a transmission-reception system tiiat enhances 
security without degrading communication perform- 
ance, and that prevents cost and size increases In tiie 
transponder. 

According to tiie present invention, there is pro- 
45 vided a transmission-reception system comprising: a 
transmitter-receiver device transmitting an enquiry sig- 
nal formed of a time series pulse signal including time 
Information, togetiier with a power signal, the transmit- 
ter-receiver device being constructed to transmit a refer- 
50 ence time signal of a fixed time length together with ttie 
power signal before transmitting the enquiry signal; and 
a transponder tiiat is switchable to an active state by ttie 
power signal from the transmitter-receiver device, to 
decode the content of the received enquiry signal on the 
55 basis of the time information, and that sends back to the 
transmitter-receiver device an answer signal In accord- 
ance witii the result of decoding. The transponder com- 
prises a microcomputer for decoding tiie content of tiie 
enquiry signal and controlling ttie transmission of ttie 
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answer signal, and a storage portion that stores a value 
of the reference time. Upon receiving the reference time 
signal from the transmitter-receiver device, the trans- 
ponder measures the time length of the reference time 
signal using a clock signal of the microcomputer, and 5 
calculates as a correction coefficient a ratio between the 
measured time length and the reference time value 
stored in the storage portion, and, while the microcom- 
puter is decoding the enquiry signal, corrects the time 
information included in the time series pulse signal 10 
forming the received enquiry signal using the connection 
coefficient. 

With this construction, since control of the trans- 
ponder is performed by the microcomputer, It becomes 
possible to encipher or encode the answer signal for an is 
enquiry signal as desired witiiout complicating hard- 
ware construction. The invention thus enhances privacy 
and security. 

Furtiiermore, the transmitter-receiver device trans- 
mits the reference time signal of a fixed time length 20 
together with tiie power signal before transmitting tiie 
enquiry signal formed of a time series pulse signal 
including time information, together with the power sig- 
nal. Upon receiving the reference time signal, the trans- 
ponder measures the time length of the reference time 2S 
signal using the clock signal of the microcomputer, and 
calculates, as a connection coefficient, a ratio between 
the measured time length and the reference time value 
stored in the storage portion. While decoding the 
enquiry signal, tiie miaocomputer corrects the time so 
information included in the time series pulse signal 
forming the enquiry signal, using the connection coeffi- 
cient. 

Therefore, even if fluctuation of the power voltage of 
the transponder changes the clock frequency of the 35 
microcomputer from the initial setting so that tiie time 
management by the microcomputer becomes less 
accurate, the microcomputer decodes tiie content of the 
enquiry signal while correcting the time information 
included in tiie time series pulse signal forming the 4o 
enquiry signal. This construction thus eliminates the 
danger of causing errors in the decoding operation as 
suffered by the conventional art, preventing a deteriora- 
tion in communication performance. 

Preferably, the transponder is constructed to send 46 
back an answer signal formed of a time series pulse sig- 
nal including time Information, and so as to transmit an 
answer reference time signal of a fixed time length using 
the clock signal of the miaocomputer. prior to an opera- 
tion of transmitting tiie answer signal. Upon receiving so 
the answer reference time signal from the transponder, 
the transmitter-receiver device measures the time 
length of tiie answer reference time signal, and calcu- 
lates as a second connection coefficient a ratio between 
the measured time length and the time lengtii of tiie ref- ss 
erence time signal, and performs an operation of decod- 
ing content of the received answer signal while 
coH'ecting the time information included in the time 
series pulse signal forming the answer signal, using the 



second connection coefficient. 

With this preferred construction, even if fluctuation 
of the power voltage of the transponder causes a situa- 
tion where the time management by the microcomputer 
of the transponder becomes less accurate, the transmit- 
ter-receiver device Is able to precisely perform the oper- 
ation of decoding the answer signal from the 
transponder, thus improving communication perform- 
ance. 

In addition, the transmission-reception system in 
another preferred construction is constructed to send 
back an answer signal formed of a time series pulse sig- 
nal including time information, and to send back the 
aforementioned correction coefficient prior to an opera- 
tion of transmitting the answer signal, in which the trans- 
mitter-receiver device is constructed to perform an 
operation of decoding content of the answer signal from 
the transponder while correcting tiie time information 
included in the time series pulse signal forming the 
answer signal using the correction coefficient. This pre- 
fenred construction also enables tiie transmitter-receiver 
d»^ice to precisely perform the operation of decoding 
the answer signal, tiius improving communication per- 
formance. 

The transmission-reception system in still another 
preferred construction is constructed to send back an 
answer signal formed of a time series pulse signal 
including time information tiiat has been connected by 
the aforementioned correction coefficient, in which tiie 
transmitter-receiver device is constructed to decode the 
content of tiie answer signal from the transponder on 
the basis of tiie time information included in the time 
series pulse signal forming the answer signal. This pre- 
fenned construction also enables tiie transmitter-receiver 
device to precisely perform the operation of decoding 
tiie answer signal, thus improving communication per- 
formance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and furtiier objects, features and 
advantages of the present invention will become appar- 
ent from tiie following desaiption of a preferred embod- 
iment with reference to the accompanying drawings, 
wherein: 

Rg. 1 Illustrates an electrical construction of an 
embodiment of the tinansmitter-receiver unit of tiie 
invention; 

Rg. 2 is a functional block diagram of the ov^nall 
system construction of tiie invention; 
Figs. 3A to 3C show waveforms of outputs from dif- 
ferent components, for illustration of tiie operation 
of the embodiment; and 

Rgs. 4A, 4B also show waveforms of outputs from 
different components, for illustration of the opera- 
tion of the embodiment. 
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DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENT 

A preferred embodiment in which the present inven- 
tion Is applied to an automotive immobilizer function will s 
be described with reference to the drawings. 

Fig. 1 illustrates an electrical construction of a 
transmitter-receiver unit 2 (corresponding to a trans- 
ponder according to the invention), contained in the bow 
of an ignition key 1 shown in Fig. 2. Referring to Fig. 1, io 
the transmitter-receiver unit 2 has a microcomputer 3 as 
a significant component. Upon receiving a power signal 
and an enquiry signal from outside, the transmitter- 
receiver unit 2 responds to the enquiry signal by send- 
ing back an answer signal described below. is 

The microcomputer 3 contains an EEPROM 4, a 
resistor 5a of a power-on reset circuit 5. and an n-chan- 
nel FET 6a of a modulating circuit 6. The EEPROM 4 
stores an identification code specific to the correspond- 
ing ignition key 1 , and also stores a function expression 2o 
for enciphering the identification code, and predeter- 
mined reference time values ATa, ATb, ATc, ATd. 

The reference time values ATa, ATb, ATc, ATd are 
expressed as, for example, value data based on the 
rated clock frequency of the microcomputer 3. that is, 25 
value data indicating the dock signal nunriber in the 
rated frequency The reference time values ATa. ATb. 
ATc. ATd are not necessarily stored in the EEPROM 4, 
but may be pre-stored in a ROM (not shewn) provided In 
the microcomputer 3. 30 

A resonance circuit portion 7 comprises a trans- 
ponder coil 8 and a resonance capacitor 9 tiiat are con- 
nected in parallel between a signal line SL and a ground 
terminal. The resonance frequency is preset to equal 
the frequency band of the carrier wave signal (corre- 3s 
spending to the power signal) transmitted from a trans- 
mission-reception ECU 10 (shown in Fig. 2) installed as 
a transmitter-receiver device in the motor vehicle. 

A power circuit 12, connected to tiie signal line SL 
by a resistor 1 1 , rectifies and smoothes the carrier wave 40 
signal received k>y the resonance circuit portion 7 and 
sends the thus-obtained output to a power terminal 
VDD of the microcomputer 3. The power circuit 1 2 com- 
prises a rectifying diode 12a, a smoothing capacitor 
12b. a constant-voltage diode 12c and a resistor 12d 4s 
that are connected as shown in Fig. 1 . 

Adetector circuit 13, connected to the signal line SL 
by the resistor 11, discriminates the reference time sig- 
nal and enquiry signal supplied together with the carrier 
wave signal tiirough the resonance circuit portion 7. and so 
sends the discriminated signals to an input port PI of the 
nfticrooomputer 3. The detector circuit 13 comprises a 
detector diode 13a. a capacitor 13b. and resistors 13c. 
13d that are connected as shown in Fig. 1. 

The time constant of tiie detector circuit 1 3 is preset ss 
to a value less than the charging time constant of the 
smoothing function portion of the power circuit 12. tiius 
enabling discrimination of tiie reference time and 
enquiry signals. 



The modulating circuit 6, comprising the FET 6a. is 
connected in parallel to the resonance capacitor 9 of the 
resonance circuit portion 7. In the modulating drcuit 6. 
a modulating capacitor 6b and the source and drain of 
the FET 6a are connected in series. In accordance with 
tiie turning on and off of tiie FET 6a. tiie Impedance of 
tiie resonance circuit portion 7 can be changed. 

The reset circuit 5 performs the power-on reset 
function of holding the microcomputer 3 in a reset state 
until the level of power supplied to the power terminal 
VDD of the microcomputer 3 (tiie output voltage level of 
the power circuit 12) reaches a predetermined level or 
higher. The reset circuit 5 comprises a diode 5b, a 
capacitor 5c and the resistor 5a, which are connected 
as shown in Fig. 1 . A CR oscillating circuit 14 comprises 
a resistor 14a and a capacitor 14b, and determines tiie 
dock frequency of tiie microcomputer 3. 

Fig. 2 schematically illustrates tiie overall construc- 
tion of the system of tiie invention by a combination of 
tiie functional blocks. Referring to Fig. 2. an antenna coil 

16 is provided around an ignition cylinder 15 of the 
motor vehicle. When the ignition key 1 is inserted in tiie 
cylinder 15, tiie antenna coil 16 is electi-omagnetically 
coupled with the transponder coil 8 (see Fig. 1) con- 
tained in the ignition key 1 . 

The transmission-reception ECU 10. provided in 
tiie motor vehicle, comprises a microcomputer 17 as a 
significant conponent. The microcomputer 17 receives 
on-signals from a key remind switch 19 and an ignition 
switch 18 provided for the cylinder 15 as is well known 
in the art. via a switch interface 20. The signal received 
by the antenna coil 16 is inputted to the microcomputer 

17 tiirough a receiving circuit 21 that has an amplifying 
function. 

The microcomputer 17 controls the transmission 
through the antenna coil 16 by the output from a power 
amplifier 22. The microcomputer 17 sends signals to 
and receives signals from an engine control ECU 23 
through a serial interface 24. The miaocomputer 17 
selectively inhibits the engine control ECU 23 from per- 
forming tiie engine starting operation. 

In addition, tiie microcomputer 17 outputs data to 
and reads data from an EEPROM 25. Pre-stored in tiie 
EEPROM 25 are tiie same identification code and func- 
tion expression for endphering the identification code 
as tiie identification code and function expression for 
the encipherment stored in the EEPROM 4 of the igni- 
tion key 1 provided caresponding to tiie motor vehicle. 

The controls by the microcomputer 3 of tiie ti'ans- 
mitter-receiver unit 2 and tiie microcomputer 17 of tiie 
transmission-reception ECU 10 will be described in con- 
junction with the functions of related componoits. 

When the microcomputer 17 of tiie transmission- 
reception ECU 10 receives on-signals from the key 
remirxi switch 19 and the ignition switch 18. that is, 
when the ignition key 1 is inserted into tiie cylinder 15 
and turned to tiie on-position (in this state, the antenna 
coil 16 and the transponder coil 8 of tiie ignition key 1 
are electromagnetically coupled), tiie microcomputer 1 7 
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generates new random number data by a predeter- 
mined function calculation, and stores the random 
number data into an internal memory (not shown) such 
as a RAM. The microcomputer 17 also generates a ref- 
erence time signal and a pulse-train enquiry signal that 5 
includes the random number data, and operates the 
power amplifier 22 to transmit from the antenna coil 16 
a predetermined-frequency carrier wave signal and the 
reference time signal and enquiry signal, convoluted 
therewith. /o 

The reference time signal and the enquiry signal 
have a form as indicated In Fig. 3A. The reference time 
signal is formed of a combination of a pair of falling 
pulses Pal , Pa2 (having a fixed pulse length of Tb) that 
are outputted at a fixed Interval Ta starting at a time is 
point when a predetermined length of time elapses after 
the start of transmission of a carrier wave signal (actu- 
ally, a sine wave signal). The time interval Ta is used as 
a time reference by the transmitter-receiver unit 2. 

The enquiry signal has a format including time infor- 20 
mation provided by a combinations of a train of fixed- 
interval falling timing pulses Ft and a train of data (in 
Fig. 3A, the high voltage status expresses data ''O". and 
the low voltage status expresses data "10 formed of 
binary signals expressed by the carrier wave signal volt- 25 
age levels occum'ng during a predeterndned time length 
Tb, after the timing at which a predetermined waiting 
time Tc has elapsed following the fall of each timing 
pulse Pt. The data train expresses start bit data indicat- 
ing that the signal is an enquiry signal, and the afore- 30 
mentioned random number data, stop bit data, and the 
like. 

The timing pulses R and the falling pulses in the 
data train have a fixed pulse length Tb. The output inter- 
val of the timing pulses Pt is fixed to Td. The time inter- 35 
val Ta. the pulse length Tb, the waiting time Tc and the 
output interval Td of the timing pulses R are adjusted to 
equal the reference time values ATa, ATb. ATc, ATd, 
respectively, stored In the EEPROM 4 of the transmitter- 
receiver unit 2. 40 

When the transmission-reception ECU 10 transmits 
the carrier wave signal, the reference time signal and 
the enquiry signal to the transmitter-receiver unit 2 as 
described above, the power circuit 12 of the transmitter- 
receiver unit 2 rectifies and smoothes the carrier wave 45 
and sends the thus-obtained output (tiie voltage wave- 
form indicated in Fig. 3B) to the power terminal VDD of 
the microcomputer 3. When the output voltage reaches 
the predetermined level or higher, the reset mainte- 
nance by the reset circuit 5 is canceled so that the so 
microcomputer 3 switches to the active state. In addi- 
tion, the detector drcuit 13 discriminates the reference 
time signal and the enquiry signal, and supplies them to 
the input port PI of the microcomputer 3. 

The thus-activated microcomputer 3 sequentially ss 
performs the control steps or actions (1)-(5) discussed 
below. 

(1) The microconputer 3 measures ttie time Inter- 



val Ta indicated by tiie reference time signal 
received through the detector circuit 13, using the 
dock signal number provided by the CR oscillating 
drcuit 14, and temporarily stores the measurement 
result. More specifically, as indicated in Fig. 3C. the 
microcomputer 3 calculates a measured time value 
T1 corresponding to tiie time interval Ta, by count- 
ing the number of clock signals occurring during a 
period from the timing at which the pulse Pal ' con- 
stituting tiie received reference time signal falls to 
the timing at which tiie next pulse Pa2' falls. 

(2) During a subsequent period until the enquiry 
signal is received, the microcomputer 3 calculates a 
ratio between tiie measured time value T1 and the 
reference time value ATa read from the EEPROM 4, 
as a correction coefficient 6 (a ATa/T1) . Since tiie 
measured time value T1 decreases as the dock 
signal frequency decreases, the connection coeffi- 
dent 5 increases as the clock frequency by the CR 
oscillating drcuit 14 decreases. 

(3) Upon starting to receive the enquiry signal, the 
microcomputer 3 measures a time T2 starting at the 
fall timing of each timing pulse R' included in the 
enquiry signal and ending when the reference time 
value ATc stored in the EEPROM 4 elapses, and 
then measures a time T3 starting at the timing at 
which the measurement of the time T2 is com- 
pleted, and ending at the timing at which the refer- 
ence time value ATb in the EEPROM 4 elapses, 
and determines whether tiie voltage level of the 
enquiry signal has risen during tiie measurement of 
tiie time T3. By repeating this procedure, tiie micro- 
computer 3 decodes the pulse-like data train 
included in the enquiry signal. 

Since the measured time values T2. T3 
decrease as the dock signal frequency decreases, 
errors will occur between these values and tiie 
actual reference time values ATb, ATc if the clock 
signal frequency fluctuates. Therefore, tiie micro- 
computer 3 corrects the measured time values T2, 
T3 by the correction coefficient 5 (» ATa/TI) for 
tiie decoding of the enquiry signal. That is. the 
enquiry signal is decoded by using corrected meas- 
ured time values T2*. T3* determined by the follow- 
ing equations: 

T2'b5-T2bT2* ATa/TI 

T3*a5*T3aT3« ATa/TI 

Since the correction coefficient 5 incre^es as 
ttie clock frequency by the CR oscillating circuit 14 
decreases, the corrected measured time values 
T2', T3* determined by the correction control will 
become closer to the actual reference time values 
ATb. ATc, under conditions where the measured 
time values T2. T3 decrease as the dock frequency 
decreases. 

If a K% tolerance is to be allowed for tiie refer- 
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ence time values ATb, ATc, the corrected measured 
times T2', T3* may be provided with error allow- 
ances within the following ranges: 

ATb X (1 - K/100) ^ T2* :S ATb X (1 + K/100) 5 

ATc X (1 - K/100) ^ T3' ^ ATc x (1 + K/100) 

tf there is a need to verify whether the timing 
pulses PV are inputted at the correct timing, the ref- io 
erence time value ATd is used for that purpose, tf a 
time until the reference time value ATd elapses is 
measured, correction similar to that described 
above may be performed. 

(4) When the decoding of the enquiry signal ends, is 
that is, when the random data has been extracted 
from the enquiry signal, the microcomputer 3 pro- 
duces a cipher code for an answer signal using the 
random data and the identification code and tine 
enciphering function expression stored in the EEP- 20 
ROM 4. More specifically, the function expression is 

an arithmetic expression using the random data 
and tiie identification code as variables. The result 
of the function calculation is used as the cipher 
code. 25 

(5) T?ien. the microcomputer 3 transmits to the 
transmission-reception ECU 10 the answer refer- 
ence time signal indicating the measured time 
value T1 calculated in tiie control (1) and the 
answer signal including tiie thus-obtained cipher 30 
code, in that order. (The answer reference time sig- 
nal has substantially the same form as the refer- 
ence time signal transn^tted from the transmission- 
reception ECU 10 as indicated in Fig. 3 A. that is, it 

is formed of a combination of a pair of falling pulses 35 
outputted at a time Interval indicating the measured 
time value T1). 

For tills transmission, the microcomputer 3 per- 
forms on-off control of the FET 6a of the modulating 
circuit 6 in a mode con^esponding to tiie answer ref- 40 
erence time signal and the cipher code, so as to 
change tiie combined impedance of the resonance 
circuit portion 7 and the modulating circuit 6 as indi- 
cated in Fig. 4A. The received earner wave signal is 
thus modujated in amplitude in a mode correspond- 45 
ing to the answer reference time signal and tiie 
cipher code. At tiie end of tiie transmission-recep- 
tion ECU 10, the voltage of the antenna coil 16 
changes as indicated in Fig. 4B in a mode corre- 
sponding to tiie amplitude modulating signal from so 
the modulating circuit 6 of the bansmitter-receiver 
unit 2. By detecting such voltage changes, the 
transmission-reception ECU 10 receives the 
answer reference time signal and the answer sig- 
nal, which comprises a time series pulse signal ss 
including time information and which has been 
enciphered (Fig. 48 indicates only the answer refer- 
ence time signal). 

The time interval T1 of the answer reference 



time signal is determined using the clock signal of 
the microcomputer. 

When tfie transmission-reception ECU 10 
receives the answer reference time signal and the 
answer signal transmitted as described above, ttie 
microcomputer 17 performs tiie following conti-ol 
steps or actions, (6)-(10). (6) The microcomputer 
17 measures the time interval T1 indicated by ttie 
received answer reference time signal, and tempo- 
rarily stores the measurement result ATI. This 
measurement is earned out using the time refer- 
ence used to determine the time interval Ta (see 
Rg. 3A) of the reference time signal transmitted to 
the transmitter-receiver unit 2. 

(7) During a subsequent period until the answer sig- 
nal is received, the miaocomputer 17 calculates a 
ratio between the measured time value ATI and the 
time interval Ta of the reference time signal, as a 
second correction coefficient 62 (= Ta/ATI) . Since 
the measured time value ATI increases as tiie 
dock signal frequency of tiie transmitter-receiver 
unit 2 decreases, the second correction coefficient 
52 decreases as the clock frequency by the CR 
oscillating drcu'rt 14 of the transmitter-receiver unit 
2 decreases. 

(8) Upon starting to receive the answer signal, the 
microcomputer 17 decodes the content of ttie 
answer signal while correcting tiie time Information 
included in the time series pulse signal forming tiie 
answer signal on the basis of the second correction 
coefficient 52. 

(9) When the decoding of the answer signal ends, 
the microcomputer 17 determines a cipher code by 
substantially the same function calculation as in the 
microcomputer 3 of tiie transmitter-receiver unit 2. 
based on the random number data read from the 
internal memory (not shown) and tiie identification 
code and tiie enciphering function expression read 
from the EEPROM 25. The microcomputer 17 then 
performs tiie decoding operation by comparing tiie 
thus-determined cipher code witii tiie cipher code 
included in the answer signal transmitted from the 
transmitter-receiver unit 2. If ttiey do not agree, that 
is, if ttie received answer signal Is incorrect, the 
microcomputer 17 causes the engine control ECU 
23 to inhibit starting the motor vehicle engine. 

Since the starting of the motor vehicle engine is 
inhibited if the ignition switch 18 Is turned on by an 
incorrect ignition key 1 having a disagreeing identi- 
fication code, security against ttieft is enhanced. 

(10) If the decoding operation finds that the cipher 
code determined by calculation agrees witii tiie 
cipher code Included In the answer signal transmit- 
ted from tiie ti^nsmitter-receiver unit 2, that Is, if the 
received answer signal is con-ect, the microcom- 
puter 17 allows tiie engine control ECU 23 to start 
the motor vehicle engine. 

In short the starting of tiie motor vehicle engine by 
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the engine control ECU 23 is allowed if the ignition cyl- 
inder 15 receives the correct ignition key 1 , so that their 
identification codes agree with each other. The embodi- 
ment thus performs a security immobilizer function. 

As understood from the above description, the s 
advantages of this enribodiment include the following. 

Since the transmitter-receiver unit 2 is constructed 
so as to send back an enciphered answer signal in 
response to an enquiry signal from the transmission- 
reception ECU 10. the embodiment improves security 
and. therefore, enhances protection against theft of the 
motor vehicle. Since the encrpherment of the answer 
signal is based on the program of the microcomputer 3, 
the embodiment enables various encipherment or cod- 
ing as desired for improvement in security, without com- 
plicating hardware construction. 

Since the transmitter-receiver unit 2 is constructed 
to employ the CR oscillating circuit 15. which can be 
easily miniaturized and is inexpensive, as an oscillating 
circuit for determining the clock frequency of the micro- 
computer 3, the embodiment prevents size and cost 
Increases. 

In the construction employing the CR oscillating cir- 
cuit 14. cases are expected where fluctuation of the 
power voltage (output voltage of the power circuit 12) of 
the transmitter-receiver unit 2 changes the clock fre- 
quency of the microcomputer 3 from the initial setting so 
that the time management by the microcomputer 3 may 
become less accurate. However, according to this 
embodiment, if the dock frequency changes, that is. If 
the output voltage of the power circuit 12 fluctuates, the 
time reference of the microcomputer 3 is automatically 
corrected by the correction coefficient 5. That Is, the 
microcomputer 3 performs the decoding of the content 
of the enquiry signal while correcting the time infbrnfia- 
tion Included In the time series pulse signal forming the 
enquiry signal. The embodiment thus eliminates the 
danger of causing errors in the decoding as suffered by 
the conventional art. and thereby prevents a degrada- 
tion of communication performance. 

Furthermore, In a situation where ttie time manage- 
ment of the microcomputer 3 may become less accu- 
rate, the transmission-reception ECU 10 decodes the 
answer signal from the transmitter-receiver unit 2 while 
the time reference of the microconrputer 1 7 is automat- 
ically con^ected on the basis of the second correction 
coefficient S2. The embodiment thus enables the micro- 
computer 1 7 to perform precise decoding in such a situ- 
ation, improving communication performance. 

Although according to the embodiment, the trans- 
mitter-receiver unit 2 sends back to the transmission- 
reception ECU 10 the answer reference time signal gen- 
erated by using the clock signal of the microcomputer 3, 
and the enciphered answer signal, in that order, it is 
alternatively possible to send back the correction coeff i- ss 
cient 5 instead of the answer reference time signal. 

In a system construction where the correction coef- 
ficient 5 is transmitted to the transmission-reception 
ECU 10, the transmission-reception ECU 10 performs 



the operation of decoding the content of the answer sig- 
nal from the transmitter-receiver unit 2 while correcting 
the time information included in the time series pulse 
signal forming tiie answer signal, using the correction 
coefficient 5. 

It Is also possible for the transmitter-receiver unit 2 
to produce an answer signal formed of a time series 
pulse signal including the time information tiiat has 
been corrected by the correction coefficient 5, and tiien 
transmit the tfius-corrected answer signal. 

In this system construction, tiie transmission-recep- 
tion ECU 10 simply decodes the content of the answer 
signal from tiie transmitter-receiver unit 2, on the basis 
of the time information included in tiie time series pulse 
signal forming the answer signal. 

Although tiie embodiment employs tiie CR oscillat- 
ing circuit 14 to generate tiie clock signal of the micro- 
computer 3, other types of oscillating circuits may be 
used. Likewise, tiie transmission-reception system of 
the invention is not limited to the immobilization function 
of motor vehicles, but may be applied to other types of 
transmission-reception systems. 

While tiie present invention has been described 
with reference to what is presentiy considered to be a 
preferred embodiment tiiereof. it is to be understood 
that the invention is not limited to the disclosed embod- 
iments. To tiie contrary, the invention is intended to 
cover various modifications and equivalent arrange- 
ments included within the spirit and scope of the 
appended claims. 

Claims 

1 . A transmission-reception system comprising: 

a transmitter-receiver device transmitting an 
enquiry signal comprising a time signal includ- 
ing time information and a power signal, the 
transmitter-receiver device transmitting a refer- 
ence time signal of a fixed time lengtti together 
witii the power signal prior to an operation of 
transmitting the enquiry signal; and 
a transponder that is switchable to an active 
state by the power signal from the transmitter- 
receiver device, for decoding content of tiie 
received enquiry signal on tiie basis of the time 
information, and sending back to tiie transmit- 
ter-receiver device an answer signal in accord- 
ance with the result of decoding, the 
transponder measuring the time lengtii of the 
reference time signal, calculating a correction 
value based on a ratio between the measured 
time lengtii and tiie reference time length, and, 
while decoding tiie enquiry signal, correcting 
the time information included in the time signal 
forming tiie received enquiry signal using the 
correction value. 

2. A transmission-reception according to claim 1, 
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wherein: 

the transponder comprises a microcomputer 
for decoding the content of the enquiry signal and 
controlling the transmission of the answer signal, 
and a storage portion storing a value of the refer- 5 
ence time, the transponder measuring the time 
length of the time reference signal using a clock sig- 
nal of the microcomputer, the time signal portion of 
the enquiry signal comprising a time series pulse 
signal, and the confection value comprising a cor- w 
rection coefficient. 

3. A transmission-reception system according to claim 
2. wherein: 

wherein the transponder sends back an is 
answer signal formed of a time series pulse signal 
including time information, and transmits an answer 
reference time signal of a fixed time length using 
the clock signal of tiie microcomputer, prior to an 
operation of transmitting tiie answer signal, and 20 

wherein the transmitter-receiver device, 
upon receiving the answer reference time signal 
from the transponder, measures the time length of 
the answer reference time signal, calculates a sec- 
ond correction value based on a ratio between the 25 
measured time lengtti and the time lengtii of the ref- 
erence time signal, and decodes the contents of the 
received answer signal while correcting tiie time 
Information included in the time series pulse signal 
forming tiie answer signal, using tiie second correc- 30 
tlon value. 

4. A transmission-reception system according to claim 
1, 

wherein tiie transponder sends back an 35 
answer signal formed of a time series pulse signal 
including time information, and sends back the cor- 
rection value prior to an operation of transmitting 
the answer signal, and 

wherein the transmitter-receiver device 40 
decodes the content of the answer signal from the 
transponder while correcting tiie time information 
included In the time signal forming the answer sig- 
nal, using tiie correction value. 

45 

5. A transmission-reception system according to claim 
1. 

wherein tiie transponder sends back an 
answer signal formed of a time series plus signal 
including time information tiiat has been connected so 
by the correction value; and 

wherein tiie transmitter-receiver device 
decodes tiie content of the answer signal from the 
transponder on the basis of the time information 
included in tiie time series pulse signal forming the ss 
answer signal. 

6. A mettiod of performing between a transponder and 
a transmitter-receiver device, comprising tiie steps 



of: 

a) transmitting a first signal to a transponder, 
the first signal comprising a reference time sig- 
nal; 

b) measuring in the transponder the time lengtii 
of the reference time signal; 

c) calculating a correction value based on tiie 
time lengtii measured in step (b) and tiie refer- 
ence time signal length; 

d) receiving a second signal including time 
information as an enquiry signal from the trans- 
mitter-receiver device in the transponder; 

e) correcting the time Information received in 
step (d) based on the correction value cacu- 
latedin step (c); and 

f) decoding the second signal based on the 
time information con'ected in step (a). 

7. The metiiod according to claim 6. wherein the first 
signal further comprises a power signal. 

8. TTie metiiod according to claim 7. further compris- 
ing tiie steps of: 

g) transmitting a third signal as an answer sig- 
nal from the transponder, based on tiie decod- 
ing of tiie second signal in step {f). 

9. The metiiod according to claim 8, furtiier compris- 
ing tiie step of: 

h) transmitting the correction value calculated 
in step (c) to tiie transmitter-receiver device; 
and 

i) con-ecting tiie time Information contained in 
the second signal based on the correction 
value transmitted in step (h). 

10. The mettiod according to claim 9, wherein ttie 
transmitting of step (h) occurs before tiie transmit- 
ting of step (g). 
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Fig- 4 (a) 

COMBINED IMPEDANCE OF 
RESONANCE CIRCUIT PORTION 7 
AND MODULATING CIRCUFT 6 



Fig. 4 (b) 

VOLTAGE WAVEFORM 
OF ANTENNA COIL 16 
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